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NONFORMAL REASONING IN SCII'NCE: THE USE 01' ANALWA. AND Ev.TRH1F

Introduction

This chapter foci ses on evidence from probILm solving case studio',

indicating that analogy, extreme case analogies, and physical intuitl.)n c t.

play an important role as forms of nonformal rea_,oning in scientifi.' tiiito

Although some may consider there to be more "casual" .11,.,thods than de_incilv,

reasoning, one of my purposes is to show that they can be used very selloo_,I;

in a rather formal context.- in Lb is case t he ( antext of do ing ah , I

think about a physics problem.

There are a number of accounts of the rule of d_fferent type.,

nonformal thinking in scientific discovery, such as Koestler (1,)64) The ,e

reports are often based on retrospective recounting of the discovory by the

scientist. Altho gh they are certainly of value, one limitati,:n of these

studies stems from the difficulty of recalling one's exact train of thought

from hindsight. Especially when the train of thought leads to a

conceptual change, it can be difficult to recover a piLvious state of mind

and remember exactly what one's thinking was like befnr the (11,tht;c_ Otter.

multiple sourceL of ideas contribute to an eventual and it (an 1,J

difficult to recall the o-act. order in the train of ideas. lhetefoli!, it

interesting to ask whether more direct evidence for the ,ole of 1c)ncJil,I.11

thinking in science can be gathered in some way.

The evidence collected for this study comes from vidccaped interviews

in which scientifically trained subjects were asked to think aloud ,s they

solved problems. Among the few existing pychelogical !,tilas of an,110.;y,

3



most, have focused on provoked analogies, where at Itast pall ,111-11_1.1,y

prescnted to the subject for J_ompletion, chapt,t, 2lCI, ,,.rile,

reserch on spontaneous anal(giel, where tin
c

analogy. These o,,ur whin a suiject, in th'nittb dl ut

shifts, without being prxipted, to ,onsider a situatiun
rs wot

some significant way from A, and intends to apply fir,,; t,0_, t,c , t

succe:;.ful solutions by analogy the two contexts burn,

perceptually different but they Ire always .,een to to 1.11;0_f t)L,

t.

n

structurally similar in way. SLIM solutions c,,o, Jail lily

U.1,,L:,11:t: the stbje...t'Ir L,bderstanding of the prubiLm 0,1 .ire m,,Lt

in unfamiliar problems where the ubject

familiar principle to the problem Ili a direct mannei.

In describing the activities of scientists, philosopher... ._nee have

tended to scparate the "context of discovery" (hypotheis
, ,u1.) from the

':.cubteY.t tit dLmonstration" (hypotheFAs testing),

gcneracien is considered to be much lees well unier,,t,
! tnni of

hypothesis testing. However, sumo authur, lwve
by

analogy may ploy an imp0/Lant rule In hypotH-,i',
,1

Campbell 1195/1, Black J19791, Hesse JilbuJ, Oppenn, na, 119blJ,

[ Eiu and it ir,icn (1:.! J r,ftl,tugh ' It 1,1 1,1, 1 1 11 111 , t,I.ly
not d problem on the fit 1,1 let nct' In

j

giving a scientifiL explanation of a phenomenon the: wet._ starmillat wit n,

i.e., a problem on the frontier of their own personal kln.w1-1,,e it

plausible thdt the thougnt pro,e,.ses analyze ,1 ill r 14 to VIr

characteristics with thought pioce'..ses used in ncientlt1(
t III h



Skint 1' 0 Of D II d

Wk.1.11d e/pect that the ose of 5,pontaLe-a

e at iv t ow otiin cre,ii Ave dLt , xi1e i un I he

a..-1,t11111) I. I i bti ii. t ub 1 It olL iii. t I rg t he or 1g I la 1 ,

>poi:taro-ars Ana iag le-, ai 0 0 11010 '

Lh,in plc:yoked and , ' t hey aro Jtficult
, a; i.

by uaing, 1 , 0 f ami 1 l a r p r a L l e i l a , v . i t t , 5 , lent it I ,,f, t

L been d,,, ult 1 t iii

ii ' '1 l I t 1

The cot re..t an-iiet to I lie iipr it g problefa i t Li L. nuo will

stri_tot, t art Iff 1 . 11115 SO lo 10 car e,,f 1,101 1 C 1 t , 1 01 iL Intuit Ion

about tote pi °Mei However, 'iv1ng a careful t ti .0 IL ion for 0.1', answer is

tnuc, fi,ore difficult t

p, I t':I ' 111C, JIlt I I ./ C 1 C It C
C 0 1' o1

th., ti.i waia o ,t wiy prota, .1, outvii1 ut n i ttiidL

a 1011 I a Ital.: 11 as por,, i L 1 e dor 'lig I I

doctor al students or [Jr ate iii liii I t,, I ' . ;

1,alv (2 I " I II Is i 1- 1 t t I I:o an a per (i I

tfachaloal I leld,

Sillaj en t 0 eie g1Vt211 t 101t0 1 6, i y I lot

you I Ii1 ,And wet e asked t a g ive a r Gogh 1,; 'mat ,

Ludy

:,,

ans'wcr. Prohtng by the Infett'lewel woo h14 .-,,i1stst Ing

of a remind,!/ to b0 p talking. :u 1 1
I ,r

ciarification of an ambiguous report. All StoiI1I - . In tub coapter
were videotaped,
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Obse ry t. ions f romFran:,ci

The solutions collected were up to 90 minuto :'1L;e were a

number of different way that analogies were «h.,t1u.
t

solutions. The main purpose of this chapter is Lc) tit',a,:t

examples of the phenomena and to develop construct, tt desco.Llr,L

classifying the reasoning pattt.sn observed. I will

close-up view of nonformal tLi,',1,,g in sciern e «h .J:L

from the protocols of tv) tz, solving the ,,

Analogy Generation

We first examtho 'm the solut_in

referred to here as Si. La Lb_ !owing section le

analogy shown In Figure 2

V 1,1u

SI: ...The equival,1,1 Him that might have Lh..:
suppose I gave you Ile ps.)hli a in a way in5Le4 I ot
spring, it's a tom, ti ,p1 like that ,

k aln.
(Draws Fig. 2) And now 1 hang a weight en the Lail-1,ln,
far it bends down. Now I male the hatriAn twlue
same wire and see how far it bendf, dui..'!,. th,,! 2:.>;., with [1..:
cube. That's the d e f l e c t i o n the 1 , , L t h t o IL ,

Heh, heh and maybe it comes out tla,,t
my-- I would bet about, about 2 to 1, 1 ,"ialu ,i1

to this [the original spring problem J t., r!Lit it lthh !trier
spring ] goes down 8 times as far.

I <

Here the subject generates an analogous Lwir' in t U- haPCd

wire or "hairpin". To dispel doubt that analogle!, art_ .J'io,u who

lack more formal reasoning mctl.ods we note that a Nobel

laureate in physics. He is able to make a confidr.w

behavior of this analogous case and proposes t ha ht my . tt,hsfer

this prediction to the original problem con.,[ning iht

that his confidence in this conelusior is not 10°1-

6

N(.,te ho ever

4.1t ranting a



bet with onl 2 to I" o,L1., TtrljLp the t , L., ,,,r it t ro

ovun ass'AMptiOfc3, ruasouln
.\!,211 1,I,L 1,, or. .1:1,:,w211

that cannot be done ,../ 21.h cert u int yr. App,Iff.Ltiy

relativel, high of 1ow LuOt rd tt howevor, a, 4111

(11e re the sub j cc t at temptiii to inal-c' qIctrit it Ii t ', t
qual itar lye predict ion abc.,ut whi,ili npr ing wuul 11:

remainder of this chapter we will be cc-4),c) I i iJ y , '. I 's ,vo

ai,po.,ti, of the pioblem.1

The 10 subjects i:er,.-rared thirty eigi.t au ,1 An .1r.a1,.4,,y

ww; classified as sth_nulicant if it appeared tu .: 2 i -airioai attEn)t

to ecnerate (Jr eVc1 IIIctte a si,olut it 11, ml a I

mentioned es an aside or commentary, Thirty-one of tnc anallo2ies were

siL,,nificant accord g to this criterion. Light of ill,: -% L,t21-,3,-, generated

at least one analogy, and se,,t.h of the it-I LI ' ,ighificant

analogy at: a laige humt-Jat aha3t..gli;> vo;,i

In what follow:, It \nit Lt 1,Lf,,I of an

analogy, the indto3un ca-ie and the ahalc,,v ,00 cae In

t he above e-,n[ I t a t he ha 111)1 n e a i lit II it I a i icy vela* ion

is the relationship being propc,,,e,1 by the ..er)jc,ct 01 pat 1- ml eql, I V lence

beLw t e e I he 0 1 le, it I car-0! I !IV, I t id r 1 .1 i Involv ILL;

the hairpin. The ;))1_)j,.---c t onear., to have c ii t t ill hi:, lInder:;t,tndin;',

of the analogow, ca o, but only modrtate 11, the eo I ii Ity at the

0
analo..iv relation. Iii otter cases r, reject the

validity of an analogy ielati,m, that is, they Li . c titi 11.t:

CdS1 was not n'! 10 enough to the original [;.)1,ILH, to dtaw j (01.clu,ion!,

from it.
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Subprocesse3 Used in Analogical Reasoninl

From observations of kind the general hyp, lorw0ldted that

the foliowini, subprouesseL aria funddmeutal in n,i1,1lo, i.t r - halor:'y

(Clement 1982, to .,)ear- (b)):

(P1) Generating the Analogz. A conception or a 1,1lti.1:1m, t I,
potentially analogous to A is accused in memoiy coh_litiLt J. A
tentative analogy relation is set up betwech I IS.

(1'2) Confirminv theAndlogz_lielatiGn. The ,t 0a(i,Ly rclJtIJn
between A and 3 is examined critically and is CoLf.iIJ,:d at a Llrh level
of confidence.

(P3) Understanding the AnillogLus Case. The subject .e- ,sd,
necessary, develops hi:, or iir.1 undetstandlhg -1 tl.e 0riluLc,as Lase B,
and the behavior of B beccmc o( al J-,dht predictable.

(P4) Transferring FindiaKEi. The subject transfers ca,i,.tusto51 or ytthod3 from
B back to A.

Table 1

Th.. hypothesis is conststent with th. (,[ I , t h.

so)' Lion by analogy are proposed tuutdtively, and (122) and (1'3)

esp1,1ally Can be gulte consuning. (Whin 1, 11.0

cmtext, the word "analogy" alone refer. to ins:. to LI. 0:

and he analogy relation taken together.) 01,1,eivdtioa._ .1so that the

last three processes can be initras.ed in any oraf.t, an drat buhject: can go

back dnd forth ,etween them several times while gradtal1:1 ,.of,pittinc, cash

subprocess. This suggests tat the subjects do noL sl.dplo, well-ordered

procedure for controlling their solution pioce,,h., tt cl t 1.'H.



Analogies and IxttemeCa,,oir fiom a Sicond: 11,1;r

We will next examine the '.olat,011 ot

doctoral candidate In iomputer .ini it t2-11,

enlineer. The actual pr ot ia ir 1 , for C 1111(:1,;1 111,1 1, [; ,

therefore I present tter oar sin ,,eolent
, r

reading the problem, Si proceeds as follows;

00i 53: well i iglit off t bat n,,

f ir..t thouoit that t he let gt h.

greater (traies Lilt lea in iart WILL
and the -atrength of the metal th;
going to he kind 01 re Icveal.,i f,1
sprihg].

ativan, ed

I atter

Uma, and my

that tits rc''

do',:nt,ard)

t icier

60) Si. And that thetefure It I; 10 5tL
I , that'.

pretty inch at r ict ly Intuit ion ;7_1.,t-it( a?,., 1 tar ity with
metal and with work ing with metal

cE., j 1st I1111.1- through
that..

010 S3: (Draws horizontal tods In fig a) . ;bout that
is that if you tool'. the I d11)0 d I re

I on tile left
here [ short hot iruntal rod i 1,-1 ihrt :rad Ling
aiarre weight en it that the
( ) I 1 it, wou 1 d Lend < on de r t tut ;

0 lq S3: It would ',cern that that I(IL.W. IL the
original problem, the sprint: in prciure ? ((.be wider spring] is
going to Inda, farther; it t t, , , LLO

02i 13: ... and I Inr;:i a con fide_ re c <.t

022 ... I l tve a great ',, 1 of

of the long i-o,11 is great,.
i 10(1] i II ony I. . . I

lac erde nt

- t 1 thr
ti

Further evidence for ilitTre'?e:
-ajar

episodes appearirw, In tht: 1 ir51

(1) S3 fit St desctib,is thinking ithit lh ;111.h that

the latgei spring will ,r.1 retch farther;

(2) line 10 t he Int,: .311)nt, < '1,17 wheat

he draws the picture 01 an analugoui prof tent tnv - 1, ; .i.t1 I A instead

9



8

of stretched spring. He decides, again on the basis of 'Intuttion", that the

long rod would bend more than the short tod and is al,lo to ,,Lat d 100Z level

of confidence for this. This indicates that ho ha. et, I c
-

23 in Table 1 (generating and comprehnding the a,

(3) He gives evidence for completing stop P,

line 19, where he says that his anal,,gy indt,att';
.,print' lE

the original problem will stretch further.

However, he 1 still not. I001 certain a J.H otiLinal

problem. A plausible explanation fat thp, la_k if ,(1,
,,,at. he is

not fully satisfied with requirement P2 above (evainalag IA,'_ analogy relation

between A and 11).

This transcript and others indicate that Pt thioup,l, ; abc,vc

can indeed take place separately. F.2. has aipirel,t6

P3, and Pt t_,0 far. Note that as de-erihe]

finding., can take place before 2.2 ant a,,

words, a tentative prediction about the ,utHP,

analogy relation ha,; been confirmed or the al.

understood. Thin is anothet sew,e in whhu

conjecture.

in ()Hint is begin the task of m(afelli ,; the 1:!

pi ,..,,_,se', Pi,

11;

P. L. I, ra the

fully

an 1 1ViilVt d

I L (1 1 ;

responsible for this type of analogItol tea,enInt;, tic Ile: (1] to ,1-A2

the notation in Figure 4 showing the four infer ,,cs. to tht:3

natation, dotted squares and salid square,;
I) d Ind

well understood conceptions, respectively. hotted ,inc

squares represent unconfirmed and confirmed anaf,,,y

conceptions, rcspet tively. Again, the otdel in

initiated m.iy v,:tv

10
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A diagra:n showing the status of Lho analogy at the t,d ot the Hove

protocol section is shown in Figure 5. A p,,t,tly ubditstt,orl 1,..0 ut tl

spring is linked by analogy to a well untlet.t, )1 `be

dotted line in Figuic 5 indicates that the anal..,; it 1.

confirmed. That is, even though the suLie, t Is .:1t, tl.t 1, ,t 1., v.,

the hending rod situation works, he is still un_tute 11,ar

good analogy for a spring, i.e., that the situatiu tu be

equivalent to a spring and car, be used to preditt the _ t the

Thus, we refer to a tentative or uncsncir ,tnal v - 1 thtt, point.

Extreme cai.s Subject.. t.LaL

without reaching a complete answer or 1002, c.,..A-Ideri,e lew.t tJele .tstc[i to

spend more time considering the problem, in circler to 1 rt..11 rho tdence

level up higher. In this ca4,e this teods the Lab how appoach.

OA I: 01r, let me push you a littie urn LI, t

can increase your con:iclonc: in /),It pi' 1.--1,)11?

049 Si: Ok. Good. Urn, w. 11 the way to ibcre,,, m; cc;AidlIct_ would be
to examine the contrary hypo,he..is thit eJrtoll
um...the stretch is tin adds. I,

050 S3: Here's thy thouRht expetimebu that [ iwrtot.

1,51 53: Tht way to re.illy P uul
1 h ! ,,vtur of

the material is at all linfar, i:Lt .otlei
spring in 1 down to-. . HA, thr 11,
extremely tightly col lea 1u(1, It' -I ,,nly to 5
turns.

052 S3: It'F very clearly in the limit.. it's .21i;,0,,t ho uistance
from side to side of the

11. ,hat case it
can't stretch very far... linty 1,11't trim to
contribute to a stretch. So um, my lot t..)n th.t fly ant,wor's
correct hus just jumped up to 85 oi ,, L-,alain_d that in
the one extreme... As you make that Inti:er thr]itgi ot
hands close together) it's going to Hit,' t-st,

11



The above excerpt ptovidc- an example of extrtmo .

10

,naly , 1 . where t he

subject minimizes or maximizes an a:Tect of the problem to , ate a ,pecial

case that may be easier to solve. In this ct,e, tc..-1,i

narrow spring allows the subject to make a molo contid.1

what he calls physical intuition. The subject contihut ,

attempting to use a second extreme case:

t;..- based on

? Pent lai ing and

053 S3: And just to really push that thinkitg, 1.11, -11 ihe way ill:oil,'"
In B, it we made those Col I b ItMell ,t' 1 V t, I,K , ( m ,- , I. 1:1,,11

apart) say miles wide.
Um, 'well tht re'' i a pr(AlcM with thmd iht , I ,1 ',1,1(..11 1 'i ,

that..

054 S3: If you made the spring very big tht_n um, f'..,, lis. m.l.', of the
spring starts coming into effect and I Loft, t,,,Cole stparating

my Intuition about thinking about a huge :,,,,,ing than [wt elel

the mass isn't a problem...

055 S3: So going in that direction doesn't really ncilp 1,, ' too
much...But I think it was very con,t u . t.to tc ,, LaLk and look
at whet happens if we go clown m. it U. . 1 o .1.., spring..

056 S3: ...fly confidence is now much h,ght( ,..1,, t , fr. 1,1Y(, t.,tares at
diawinp). Fven more fven molt (..',

057 I: Did anything new happen to get tht "l Il ilo) t-,' ' or .

058 Si: Just I was thinking about, 1 was ;11,1 i,, ,n1, ht my intuition
about that really taf(ing th, diamett . , 1 ,piln, to .lero ill
the limit In which case tie, -.tietti,

050 I: How do you feel when you're "runpihii that ieft.itionn?

062 Si: Um, It's jul,t i have a-; I meaa tli plat,, tel ia1,I1, g tilt .

diameter of the spring to zeta, 1,, a ,,ti .,Hh ',Ile, ,,,,m-1,

wouldn't stretch...

066 S3: So it's good ..pw,hing the l ammeter,, i 'fu 1,1ot,1,m to

extremes as a way of-tilt, gettitg clo 1 Il'tti ,: - tl, art tie
behavior of a system.

In the section above, S3 mentions thinking ,ikut't h,_, titst thought

experiment over again, involving an extreme case of a oe

12
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11

takes it even further by letting the width actually go to hero, in which case

the spring becomes a straight wire 1110 ext rf'l 1 t :1('t 111;:rea,e

his confiden.:e even mo.e.

Physical intuition and imagery relorta. 'Skpje,: P h ,1":u. that he

relies on some sort sf physical intuitior to make prude( t,onJ by ilnu 10. Thu

subject refers to his prediction that a long wire will coed u.ote that a _Aiott

wit, as an "intuition." This suggests that he is u,,int, seine knowldgc based

on previous concrete experiences with manipa1ating mot )1. ',Ill use the

term "physical intuition schema" to refer to an intern d knowledge structure

of this tvne that is constructed largely on the past nal experience

with the physical world rather than academic knowledge or hearsay.

The subject also reports thinking about a "ptctut," it line 02 in the

above section. This is an example of an iwee_ry 1.1e subject

refers .o imagi-114, picturing, hearing, or "feelibg whit 1:s Itho to

manipulate" a situati.)n, Of course subject mty c;cporiencc! imaging

much more often than they make imagery reporr,. In the ex mplc in line o2

above the subject also makes a prediction. In this cas we tlso call it en

imagistic prediction report where the subject produces an imagery report and

relatively simultaneously states a prediction or Lu,Au.;ton. (The interviewer

was careful not to be the first to introduce suggc.cik'L Lorne: ..Ic.!! as "Image",

"picture", or "analogy" in the interviews.)

I can now state several further hypotheses that are suggested by the

above ouservations.

First, the co-occurrence of imagistic prediction reperts and intuition

reports in line 62 above and 85 below, suggests that the p loccss (t using

physical intuitions here involves imagery.

13



Second, a major function of the extreme canes oppeals to hi: to enable

the use of a physical intuition schema in making on pred.,t Ion with

high confidence.

Third, the subject experi..ince difficulty with ustne extreme

case in the first part of the above section. He has cLitficuity thinking about

a huge massless spring in attempting to construct an extrcTie <use it the

opposite direction. Even though he recognizes that ht. ',Lod.. to separate out

the variable of mass of the spring from the problem, he .Tpa,ently

difficulty voluntarily carrying out a thought experime.it Yht,h in luds that

ccnstraint. This suggests that there are certain limitation:, also .fated

the implementation of thought experiments that involve :Napery use phyical

intuition.

The interviewer then pushes fie subject once mote.

067 I: Is there any way you could increase you toLliatn.,1 even
more...?

085 S3: ...I guess er, my tendency is to think ,bout a big ;:ring. Push
the...diameter up and picture in my mind a _ally big spring
with that weight hanging from it. And uh, it's just really
obvious that it's gonna hang further

086 I. What are you thinking about there?

087 S3: I have a picture in mind...

089 S3 I have a picture in mind. I sef many, uh; I flashed on the
image of the Foucault Pendulum at the SmIth..,onian Irvtitute
which had nothing to do with this except it a big physical
system (S laughing)...Um, so I'm wishing that they had a big
spring hung out there, so that I could have an even clearer
picture.

Line 85 contains another example of an imagistic predilt.lon report. In

this second attempt the subject seems to be more succt_s:u1 to thinl.ing about

the behavior of a very large spring. The wbsegurnt pendulum idea,

referring to another system involvirg a long wire and a weight, appeal:, to

14



derive from an associative analogy generation p[oce_,,, nu! tt .dc_., is

discounted immediately, app.iently due to a laov of

between the two cases.

Summary of S3'sjrotocol. subject S3 gives evia-1,_ t a number

of different approaches. He makes use of an analov to a ...,1!2p2uc situation

involving bending rods of different lengths. lie tl:;es intuition

beliefs to make predictions about such simpler ailuation Wnea a prediction-

is accompanied by an imagery report, we call it an '11,>Aiiction

report. Finally, he uses extreme_cases, a very nary anA a very wide

spring, to further support his initial answer. In both the apparent

function of the exti,'me cases is to facilitate the c6,it :dent application of a

physical intuition belief to the problem.

The use of multiple approaches to the problem appears to allow the

subject to increase his confidence in his solution. the 'irst subject

examined in this chapter, also went beyond the use of an ,Ina'ovy in his first

approach to the problem by usint, more analytic inetInnk or,ir to contirm his

predictions generated by the hairpin analogy.

A more subtle understanding of exactly h.Jw the dcto(mL, aro; from

a third subject's generation of the analogy of a squaid shaped spring coil.

This allowed him to discover that the sring it stretches

In the square shaped coil one can envision one or tie ut the square

acting like a wrench to twist the next side -- and so on clown the spring

(Clement, 1981, to appear (a:). (The square colt t:an 31L,0 be used to predict

the result that the stretch of the spring depends on the cube of the coil's

diametet.) Thus, a variety of any ,goes cases were observed for this problem.

1
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11 .1 b tall

Nonformal Knowledge vs, Nonformal Reasoning

In addition to nonformal reasoning processes such a:, the t,-,t

analogies, examples have ilso been presented of imagery reports dnd imagistic

prediction reports which Indicate the use of physical Intuition knowledge. It

is helpful to make a distinctio;1 between nonformal knowledpe noniormal

reasoning. In the case of S3 the conclusions he reaches seem to be grounded

at the most basic level on physical intuition schemas consLructed from prior

experiences with physical objects (e.g. long objects ,11,3 easier to bcnd than

short objects) rather than formal knowledge assumptions. Thus he uses a kind

of nonformal knowledge. Analogical reasoning and extreme case reasoning allow

him to transfer this knowledge, with some degree of contidon:e to the given

problem situation. These two types of nonformal rew'oning, tlh_n, allow him to

apply or transfer his nonformal knowledge in the turm of pnystcal intuitions

to the problem.

Flexibility and Uncertainty

The flexibility exhibited in scientific thinking, that ilivolvt:s extreme

cases and analogies is impressive. Such flexible method,' play an important

role in the hypothesis generation process in science
1

. Analogy generation is

a creative and divergent process, since the subject must sor,Lellow bcflk away

from the normal assumptions implied by he problem and shirt his attention

over to a significantly different but related problem. This is diflicult for

some people to do, probably because of the difficulty involved in breaking out

16
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of the psychological "set" of assumptions built up in coa!;Idertng the original

problem.

It is also somewhat risky, because there if: cc Aeal of time

that the results will be found to pay off- one aoe-, Hot have the ,e'_t:rity tit

perceived certainty that is experienced in d,ducliv 11.4cV0r, at

the end of the protocol, subject S3 is "95% confideet" in tu, (cor-t!ct)

answer to the prediction about the behavior of :pli:t1;. lie ,t,_111,,vu:, titres

level without using formal methods. Presumably, the tact that he arrived

at the same prediction in three different ways has played an important rc4e in

boosting his confidence. Even though individual nonformal reasoning methods

involve a degree of uncertainty, the convergence of :ev.:zal alethods on the

same result can raise confidence levels to a high point,
2

Summiry

In this very brief chapter, examples have br(:11 vicilicd which provide

evidence for the presence of the following types of 3pontahcous nonformal

reasoning phenomena:

(1) the use of analogous cases;

(2) the use of extreme cases;

(3) the presence of four subprocesses involved xi. Lting analogical reasoning;

(A) generating the analogy

(B) confirming the analogy relation

(C) understanding the analogous case

(D) transferring findings;

(4) the presence of various levels of confidence in different beliefs and

reasoning steps;
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(5) the presence of imagery reports and imagistic. predictic,n reports which

indicate the use of nonformal knowledge in the form of phy-,ical

sdiemes.

The above phenomena have also been o.)served in mdthematIral thinkir.g

(PolYd, 19()%, Clement, 1983). The fact that we can now (,,11.,1 d.,,clibe

such phenomena suggests that it will be possible to dov,:lop and Lvaluato

models and theories for certain patterns of nonformal L,cientific reason ng.

Notes

* Research reported in this paper was supported by NSF Awai4 No nuk 8470579.

1. See, for example, Hesse (1966) and Oppenheimer (1955). Clement (to appear

( )) discusses evidence for the generation of hypDthetical moduli and

analogies in thinking about protocols.

2. See Clement (1986) for a discussion of a number of methods exports can use

to increase their confidence in the validity of an

lb
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(P1) Generating the Analogy. A conception of a situation B that is

potentially analogous to A is accessed in memory or constructed.

A tentative analogy relation is set up between A and B.

(P2) Establishing Confide;:ce in the Analogy Relation. The validity

of the analogy relation between A and B is examined critically and

is confirmed at a high level of confidence.

(P3) Understanding the Analogous Case. The subject examines and, if

necessary, develops his or her understanding of the analogous case

B, and the behavior of B becomes well-understood, or at least

predictable.

(P4) Applying Findings. The subject applies conclusions or methods

gained from B back to A.

Table 1



SPRING pROBLEm

A WEIGHT IS HUNG ON A SPRING. THE ORIGINAL SPRING IS
REPLACED WITH A SPRING:

--MADE OF THE SAME KIND OF WIRE,

--WITH THE SAME NUMBER OF COILS

- -BUT WITH COILS THAT ARE TWICE AS WIDE IN DIAMETER.

WILL THC SPRING STRETCH FROM ITS NATURAL LENGTH, MORE, LESS, OR
THE SAME AMOUNT UNDER THE SAME WEIGHT? (ASSUME THE MASS OF THE

SPRING IS NEGLIGIBLE COMPARED TO THE MASS OF THE WEIGHT.)

WHY DO YOU THINK SO?

Figure 2

( 2)

t
: STRETCH

Figure 1
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FIGURE 3



MA.1QR STEPS IN SUCCESSFUL USE OF A

SPONTANEOUS ANALOGY

GIVEN POORLY UNDERSTOOD

PROBLEM SITUATION A

P1) GENERATE TENTATIVE

ANALOGOUS CASE a

P2) CONFIRM THE VALIDITY

OF THE ANALOGY RELATION

P3) UNDERSTAND CASE a

P4) TRANSFER PREDICTION

FROM a TO LI

FIGUE 4
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ANCHOR
TRIGGERING

CORRECT
INTUITION

BRIDGING CASES CONNECTING
ANCHOR TO TARGET SITUATION

Figure 6
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